Experimental Screening and Characterisation of 4-AQ Anhydrates and Solvates

Solid Form Screen
The solid form screen encompassed a solvent crystallisation screen, thermal screening and desolvation studies. Solvent evaporation, cooling crystallisation, anti-solvent addition and liquid assisted grinding experiments were employed for the solvent screen.
Evaporative Crystallisation
The evaporative crystallisation screen was designed from 28 pure solvents. Solution saturated at 75°C.
Cooling Crystallisation
The cooling crystallisation screen was designed from 26 pure and seven mixed solvents.
Suspensions of 4-AQ (10-25 mg in 0.5-20 mL solvents) were heated to the boiling point of the solvent, then filtered into vials. The vials were closed and cooled to room temperature (vial wrapped in Al foil) or 8°C (refrigerator). The solid product was analysed with IR or XRPD (Table   S2 ). MH, AH I°, and the carbon tetrachloride solvate (S CCl4 ) were obtained. 
= AH I°, SCCl4 = carbon tetrachloride solvate. RT (slow) -vial wrapped in Al foil, 8°C (fast) -vial stored in refrigerator.
Antisolvent Addition Crystallisation
The antisolvent addition crystallisation screen was designed from 32 mixed solvent systems. 4-AQ and solvents were dispensed at room temperature in various amounts, then filtered.
Antisolvent was added drop-wise until either persistent clouding was observed or the maximum antisolvent volume (three times the volume of the solvent) was dispensed. Solid products were analysed with IR.
The results of the antisolvent addition crystallisation screen are summarised in Table S3 . MH and AH I°were obtained as the crystallisation products. Figure S1 . AH I°single crystals obtained from sublimation experiments.
Anhydrate II
Crystallised form melt -AH II(melt): The diffraction pattern of AH II(melt) (2θ: 2 -45°, step size of 2θ = 0.007°) was indexed using the first twenty peaks with DICVOL04 and the space group was determined based on a statistical assessment of systematic absences, 1 as implemented in the DASH structure solution package. 2 Lattice parameters and space group corresponded to the computationally generated AH II structure (Fig. 8) ignoring temperature effects.
Pawley fits were performed with Topas Academic V5: The difference pattern is shown in green.
Evaporation from Carbon Tetrachloride -AH II(CCl4):
The diffraction pattern of AH II obtained from CCl4 indexed 1,2 to R3 ത , a = 28.483(3) Å, c = 12.002(1) Å ( Figure S4 ). In contrast to AH II(melt) the AH II(CCl4) cell volume is increased by 0.7%, which can be related to the solvent molecules entrapped in the crystal lattice. 
Evaporation from Tetrahydrofuran -AH II(THF):
Evaporation of 4-AQ from THF at 40°C, using a at RT saturated solution, lead to AH II(THF) and AH I°. It was not possible to produce phase pure AH II(THF). A subset of the XPRD patterns given in Fig. 3 is shown enlarged in Figure S6 .
Figure S6. Comparison of XRPD patterns of AH II(melt), AH II(CCl4), mixture of AH II(THF)
+ AH I°and AH I°.
Anhydrate III
The AH III XRPD pattern was successfully indexed ( Figure S7 , Table S7 ): R3 ത , a = 31.511(5) Å, c = 4.666(1) Å. It has to be noted that the AH III samples always showed traces of AH I°. The AH III lattice parameters determined at RT match the parameters of one of the computationally generated low energy structures, if temperature effects are ignored (structure 4_10, Table S6 ).
The AH III IR spectrum (Fig. 2a) indicates the presence of a Z′=1 structure, in agreement with the computationally generated structure 4_10. Spectrum GX Fourier Transform spectrophotometer (Perkin Elmer, Norwalk Ct., USA) over a range of 4000 to 600 cm -1 with a resolution of 2 cm -1 (24 scans)).
Thermodynamic Stability -Semi-schematic Energy/Temperature Diagram
The thermodynamic relationship of the 4-AQ anhydrate polymorphs is displayed in a semischematic energy/temperature diagram ( Figure S10 ). Polymorphic pairs AH I°/II and AH I°/III show a monotropic relationship. 
Computational Generation of the Crystal Energy Landscape
DFT-D Calculations: Methodology
The DFT-D calculations were carried out with the CASTEP plane wave code 5 using the PerdewBurke-Ernzerhof (PBE) generalised gradient approximation (GGA) exchange-correlation density functional 6 and ultrasoft pseudopotentials, 7 with the addition of a semi-empirical dispersion correction, either the Tkatchenko and Scheffler (TS) model, 8 or Grimme06 (G06) . 9 In a first step, the structures were geometry optimised using the TS dispersion correction. Brillouin zone integrations were performed on a symmetrised Monkhorst-Pack k-point grid with the number of k-points chosen to provide a maximum spacing of 0.07 Å −1 and a basis set cut-off of 560 eV. The self-consistent field convergence on total energy was set to 1x10 −5 eV. Energy minimisations were performed using the Broyden-Fletcher-Goldfarb-Shanno optimisation scheme within the space group constraints. The optimisations were considered complete when energies were converged to better than 2x10 −5 eV per atom, atomic displacements converged to 1x10 −3 Å, maximum forces to 5x10 −2 eV Å −1 , and maximum stresses were converged to 1x10 −1 GPa. Energy minimisations with variable unit cells were restarted after the first minimisation to reduce the effects of changes in unit cell on the basis set. The energies for all anhydrates within 15 kJ mol −1 of the lowest structure were recalculated, without optimisation, with the number of k-points chosen to provide a maximum spacing of 0.04 Å −1 and a basis set cut-off of 780 eV, using the G06 dispersion correction, resulting in the final crystal energy landscape (Fig. 8) . Isolated molecule minimisations to compute the isolated 4-AQ energy (Ugas) were performed by placing a single molecule in a fixed cubic 35x35x35 Å 3 unit cell and optimised and recalculated with the same settings used for the crystal calculations.
Lowest Energy Structures (CrystalOptimizer and PBE-D)
All calculated structures are available in .res format from the authors on request. The lowest energy structures derived from CryOpt and DFT-D (PBE-TS/PBE-G06) calculations are given in Table S5 and Table S6 , respectively. Table S6 . Hypothetical and known low-energy crystal structures of 4-AQ (PBE-TS and PBE-G06, Fig. 8 ).
Str. ID Void space was calculated using a 1.0 Å probe radius and an approx.
grid spacing of 0.1 Å and is given as % of unit cell volume and in Å 3 .
Representation of the Experimental Structures
The computational models were successful in reproducing the experimental structures (Table S7 ).
The computationally generated low energy structures were compared using the Packing similarity tool in the Solid Form module of Mercury to determine the root mean square deviation of the nonhydrogen atoms in a cluster of 15 molecules (rmsd15).
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Hirshfeld Surfaces
For the generation of the Hirshfeld 2D fingerprint plots the structures on Fig. 8 were used as input files.
Figure S14. 2D Fingerprint plots derived from Hirshfeld surfaces 12,13 of (a) 5 and (b) 6 (Fig. 8) .
Red numbers correspond to PIXEL [14] [15] [16] energies of the strongest intermolecular interactions (Table   S8) 
